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* FIELD KEPAIRABLE HERMAPHRODITIC CONNECTOR " 

5 T* AfTCGROUNP QF THE 1>3VENTI0N 

Tbe present invention pertains to a tcnWion of a fiber optic cable or waveguide. 
The invention more particularly concerns a termination that takes the form of a field 
repairable hermaphroditic connector. 

Presently, the control of fast, secured communication translates into power. Thus, 
1 0 secured communication lines are a highly valued commodity. Perhaps no where is the 
need for secured commutations so desired as it is on the battlefield. Communication 
lines transmit data to coordinate the individual components of a larger unit. 
Communication lines transmit logistical data. Communication lines transmit data 
nncerring the positions of enemy targets, (^mmunicanon Knes iransmit data concerning 
15 strategic and tactical placement of ordinance and personnel. A breakdown of 
' communications can result in disaster. Throughout history, effective cenrmaunications 
have prevailed as a key element to successful military engagement 

In the past, communications which could not be secured on a single line were 
broadcast over the airwaves. To prevent others from knowing the contents of the 
20 communications, the communications were coded. The intended recipient of the coded 
message then decoded the commrniicaiion to reveal the contents of the message. Military 
history is replete with examples of code breakers successfully uncovering the secrets 



Other methods were developed to secure communication lines, such as sending 
25 a cemmumcation over a dedicated wire cable. Such cables can be tapped or the electrical 
field can be used to induce an electrical current in another electrical device so that the 
communication can be monitored. 

Another problem with communication lines is that slow or small amounts, of 
transferred data is akin to no communication what-so-evex. Additionally, modem devices 
require an ever merging amount of data so that the devices operate properly. Urns, there 



30 
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is a need for data confiscation transmission mediums which convey large amounts of 
information per unit time; i.e., a large bandwidth. 

In the modem battlefield, it is envisioned that a command center will link togefcer 
groups of tanks and artillery batteries with a series of secured communication cables. To 
5 overcome me problems described above, manufacturer* developed fiber optic cable to 
convey military communications. The fiber optic cable is a secure, hard-wired, line of 
communication, A fiber optic cable can not be easily tapped as an electrical wire since 
optical signals do not induce electro-magnetic fields as does an electrical wire conducting 
electricity. Furmermore, the fiber optic cable has a large bandwidth; that is, it conveys 
1 0 large amounts of information per unit time. The termination device of the fiber optic 
cable includes a lens forming a so-called expanded beam connector. The advantage of an 
expanded beam connector is that it is somewhat tolerant of environmental debris 
contarrirnating the union between me two termination devices. In practice, the Jens 
expands the beam of light exiting the optic fiber. The other lens in the adjacent 
1 5 termmation device takes the expanded beam of light and focuses it back down to a small 
point and introduces it into the optic fiber of the other cable. When a small amount of 
debris blocks a portion of the expanded Ugbt signal the communication is not corrupted. 
Thus the expanded beam termination device achieves one of the requirements of a 
battlefield communication device. 
20 However, expanded beam termraation devices have a downside, the insertion loss 

is relatively high. The insertion loss is high due to expanding the light beam. The 
expanding light beam is partially scattered and lost, thus, the signal looses power at each 
union of tennination devices. The insertion loss prevents a number of the optical cables 
from being ganged together since the signal would eventually be lost at the end of the last 
25 optical cable; i.e., there would be no usable light energy emanating from the cable. 
Therefore, the distance between signal transmitting and signal receiving devices is Kmited 
unless expensive, cumbersome, power boosting, relay equipment is connected to the 
optical cable between the transmitting and receiving devices. 

Another downside of expanded beam connector termination devices is that once 
30 the termination device becomes so fouled with environmental or other debris, it is very 
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difficult, if not impossible, to dean and/or fix the termination device. Thus, the entire 
length of cable must be replaced, provided a replacement cable is available. 

Furthermore, battlefield conditions require thai me coupling of two temiinarion 
devices be simple. Simplicity is an important design characteristic since a soldier may 
S be mating together two termination devices m a dark battlefield. Battlefield conditions 
also require that the termination devices be structurally robust so as to withstand the 
repeated impacts imparted by military vehicles, explosive , ordinance, and natural 
environmental calamities. However, even ordinary battlefield rigors and debris may take 
their toll on one or many termination devices thus necessitating their repair or 
10 replacement. 

THUS, there is a need for a robust, field repairable tenmnation device which has 
a low insertion loss when mated with another termination device and which is easily 
connected to another termination device in the field. 

15 STIMMARY OK THE INVENTION 

Therefore, it is an object of the present invention to provide a termination device 
for optical fibers which is robust, and easy to repair. 

It is a further object of the invention to provide a tenmnation device which is blind 
rnateable in the field. 

20 It is still yet another object of the invention to provide a terrnination device which 

has a low insertion loss when coupled with another termination device. 

It is another object of the invention to provide a termination device which is 
hexmaphrodhic. 

It is still another object of the invention to provide a termination device which is 
25 inexpensive to manufacture and assemble. 

It is yet still another object of the hrvenrion to provide a terrrunation device' which 

is scoop proof. 

It is yet another object of the invention to provide a tool for repairing the 
terrnination device of the invention. 
30 In one form of the invention, the hermaphroditic terrnination device includes a 

housing and a plug insert removably insertable into the housing. The housing has a front 

-3- 
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end andxii^ structure projecting^ The mating structures having 

locking holes. The mating structures are substantially identical to and maieable with a 
mating structure of a front end of another housing. The plug insert enters the housing 
from the trout end thereof. The plug insert further has optical connector ports for 
5 receiving optical assembly*. Each optical assembly has an optic ferrule to which is 
attached an optic fiber. The plug insert has a first surface and a substantially cylindrical 
surface. The substantially cylindrical surface is substantially perpendicular to the first 
surface. Tnc plug ms^rt has nub features provided on the substantially cylindrical surrace 
for rr^gvvim the lc>cldng holes of the housing. The first surface of the plug insert has 
10 a first ferrule port and a second ferrule port. Hie first ferrule port has a plug insert 
extension projecting from the first surface. The second ferrule port is dhnensioned so as 
to receive a plug insert extension of another plug insert. The first optical connector 
receiving port communicates with the second ferrule port, and the second optical 
receiving port communicates with the first ferrule port 

In another form of the invention, a tool for inserting and removing a plug insert 
for the termination device includes a body, a plunger, a pin, and a spring. The body 
has a main aperture formed through the length of the body. The main aperture has a 
spring seat formed therein. The body also has a pin travel aperture formed through a 
diameter of the body and substantially perpendicular to the main aperture. The body 
20 tias a first end and a second end. Tne first end includes a first friction grip and a second 
friction grip, where the first and second friction grips react a force supplied by 
compressed spring latches of the plug insert. Tne first and second friction grips engage 
the spring latches over a first distance. Tne plunger has a large diameter region and a 
small diameter region. The large diameteT region having a spring seat formed thereon 
25 A portion of both the small diameter region and the large diameter region are slidably 
provided in the main aperture of the body. The large diameter region has a pin 
receivmgapermre. The large diameter region has a &ee end which ads as an actuation 
surrace. The actuation surface of the plunger extends beyond the second end of the 
body. The small diameter region of the plunger has a free end which acts as a release 
30 surrace. THe release surface treating through a second distance when the plunger is 
fully actuated by being translated. The second distance being greater man the first 
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distance. The pin a press-fitted into the pin receiving aperture of the plunger. The pin 
is alsoprovided in the pin travel apertira of thebody. A clearance exists between the 
pin and the surfaces of the pin travel aperture which allows the pin to translate within 
the pin travel aperture. The clearance between the pin and the surface of the pin travel 
5 aperture is at least as greai as the second distance. In an unreleased state, the pin 
contacts a portion of the surface of the pin travel aperture. The spring is provided in 
the main aperture of the body. The spring surrounds a portion of the small diameter 
region of the plunger. The spring is in a state of compression and reacts compression 
forces against the first and second spring seats. 
10 Thus, AppUcants'- invention provides a termination device which is compact, 

easy to repair, scoop proof, hermaphroditic, inexpensive to manufaenrre and assemble, 
blind mateable, and which has a low insertion loss. These and other features of the 
invention are set forth below in the following detailed description of the preferred 
embodiment. 

15 

MIBP DESCRIP TTnW TTTR FIGURES 
A more complete appreciation of the invention and many of the attendant 
advantages thereof will be readily obtained as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
20 accompanying drawings, wherein: 

Figure 1 is an exploded perspective view of a termination device according to me 

invention; 

Figure 2 is a perspective view of a fiber optic assembly of Figure 1 ; 

Figure 3 is an exploded, perspective view of the two fiber optic assemblies 
25 connected to optical fibers, and a crimp sleeve and a cable; 

Figure 4A is a perspective view of the plug insert of Figure 1 ; 

Figure 4B is an end view of the plug insert of Figure 4A; 

Figure 4C is a cross-sectional view taken along section hue 4C-4C of Figure 4B; 

Figure 5 A is a, aide view of the housing of Figure 1; 
30 Figure 5B is a cross-sectional view of the housing taken along section line 5B- 

5B of Figure 5D; 
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PAfiE 24A2 * RCVD AT 12T1 V20O4 9:49:30 AM [Eastern Standard Time] • SVR:USPT0-EFXRF-1/3 • DM8:8729306 1 CSD:8289015206 4 DURATION pnm-ss):2348 



- OEC. 10. 2004"10:49AM CCSLEGAL 



WO 01/27660 



Figure 
Figure 



5T> of Figure 
Figure 
5 fiberoptic 



Figire 
■ Figure 



section line 

Figire 
10 section line 



15 



Figure 
Figure 
Figure 
8C of Figure 
Figure 
Figure 



20 



25 11B-11B 
tool; 
Figure 



30 



insert; 



NO. 130 P. 25 



PCT/US00/247S9 



, SC is an end -view of the insertion end of the bousing of Figure 5A; 
5D is a cross-sectional view of the housing taken along section line 51> 



5A; 



6 is a partial perspective view of the housing, plug insert, grip ring, and 
cjonneetors of Figure 1; 

7A is a side view of the extension sleeve half of Figure 1; 
7B is a cross-sectional view of the extension sleeve half taken along 
7B-7B of Figure 7A; 

7C is a cross-sectional view of the extension sleeve half taken along 
7C-7C of Figure 7 A; 

8A is a side view of the grip ring of Figure 1 ; 
8B is an end view of the grip ring of Figure 8A; 
8C is a cross-sectional view of the grip ring taken along section line 8C- 
SB; 

9A is an end view of the cover tube of Figure 1 ; 
9B is a cross-sectional view of the cover tube taken along section line 



9B-9Bof:?igurc9A; 

Figure 1 OA is a side view of the back end plug of Figure 1 ; 
Figure 1 OB is an end view of the back end plug of Figure 10A; 
Figure 10C is a cross-sectional view of the back end plug taken along section 

line 10C-:.0C of Figure 10B; 

Fi jure 10B is an end view of another end of the back end plug; 
Figure 1 1 A is an end view of a crimp sleeve; 

5 1 IB is a defections! view of the enmp sleeve taken along section line 



Figure 1 



of Figure UA; 

Figure 12 is an exploded, perspective view of the plug insert msertion/removal 



Figure 

li; 

Figure 



13 is an assembled, perspective view of the insertion/removal tool of 

14 is apcrspective view of the insertion/removal tool holding the plug 
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Figure 



components 



15 is an exploded, perspective view of another embodiment of the 
device of the invention for attaching to a tactical access unit, also shown 

too!; 

16 is a perspective view of the msertkm/rcmoval tool, the plug insert, 
connectors, and the housing of Figure 1; and 

17 is a perspective view of the assembly of Figure 16 with the 
engaged. 



insertion/removal t 



Figure 
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identical c 
Figures 1- 
device 10 



DETAILED DESCRIPTION OF THE 
TOKSENTLY PREFEE RF.n EMBODIMENTS 

Referring now to the drawings, wherein like reference numerals designate 

corresponding parts throughout the several views, and more particularly to 

11 thereof, a first embodiment of the present new invention is a terrnination 
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Figure l is an exploded, perspective view of the hermaphroditic termiiialion 
The termination device 10 includes a housing 70, a plug insert 20, fiber 
connectors or assemblies 40, 50, an extension sleeve SO, a grip ring 100, a cover 
a click ring 120, a cable seal 140, a back end plug 1 50 7 and associated seals 
130. As can be seen, the fiber optic assemblies or connectors 40 and 50 are 
insertable into the plug insert 20. Likewise, the plug insert 20, containing 
optic assemblies 40 and 50, is insertible into the housing 70. Not shown in 
are the optical fibers associated with an optical cable and a crimp sleeve (see 
At the time of the assembly, each of the fiber optic assemblies 40, 50 are 
a corresponding optical fiber. However, for purposes of clarity, Figure 
show the optical fibers. Also not shown is the crimp sleeve which is then 
two halves 82, 86 of the extension sleeve 80. At the same time, the 
80 surrounds a portion of the housing 70, The extension sleeve 80 acts 
relief member so as to remove any physical loading to the optical fibers by 
such loads £om the optical cable through the crimp sleeve to the extension 
30 sleeve 80. The extension sleeve 80 then transfers the forces to the housing 70. Next 
the covejr tube 110 and click ring 120 are slid over the extension sleeve 80. The cover 
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tube 110 pnveots the two halves 82, 86 of the extension sleeve 80 from becoming 
rmsahgnecL Grip ring 100 is then slid over the cover tube 110. To retain the cover tnbe 
1 10 in its lo ration, aback end plug 150 is secured against the cover tube 1 10. Tne back 
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20 



25 



30 



0 is threadedly engaged with a portion of the extension sleeve 80. Placed 
between thJ portion of the extension sleeve 80 and the back end plug 150 is a cable seal 
140. 

Figure 2 is a perspective view of one of the fiber optic connectors 40, 50. For 
purposes both of the connectors or assemblies are identical and as such 
discussion Ul be focused upon the fiber optic connector or assembly 40. The fiber 
optic asset tty 40 is an Retype of connector. The fiber optic assembly 40 includes 
a cantileveced spring latch 44 and a ferrule 42. In a preferred body embodiment, the 
ferrule 42 has an outside diameter of approximately 1.25 mm. By way of example, 
Methode jaectrorncs, Inc., rnanufectures such an assembly or connector known as a 
small form factor LC fiber optic connector. 

FiLre 3 is an exploded perspective view of two fiber optic RJ-type assemblies 
or connecLrs 40, 50, connected to optical fibers 270, 271 . The optical fibers 270, 
271 are k dividually removed from the optical cable 160. To prevent insulation and 
other coa ings from escaping the optic cable 160, a crimp sleeve 170 surrounds the 
exposed portion of the optical cable 160 and the optical fibers 270, 271 and is then 
secured' i i place by permanently, plastically defonning the metallic material of the 
crimp slesve 170. Tne other ends of the optical fibers 270, 271 terminate in the fiber 
optic ass< mblies 40, 50. Figure 3 shows that each assembly 40, 50 has an associated 
connector spring 43, 53. Connector covers 41, 51, enclose the ferrules 42, 52, and 
the connrstor springs 43, 53 in the connector package. The connector springs 43, 53 
allow mi ferrules 42, 52 to be pushed inward so as to compress the connector springs 
43, 53 aid allow the ferrules 42, 52 to float. Boating is important so that whenthe 
but joint is created, when contacting ferrule ends meet in the alignment sleeve, they 
move so as to co-axially align the associated optical fibers thus reducing coupling 
losses, especially as compared to expanded beam connectors. 

' figure 4A is a perspective view of the plug insert 20. Plug insert 20 includes 
second connector receiving ports 29, 30 for receiving fiber optic assemblies 

■8- 
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first and second connector receiving ports 2S>> 30 include features that 
cantilevered spring latches 44, 54 of the fiber optic assemblies 40, 50 and 
further insertion, the spring latches 44. 54 expand in the first and second 
29, 30 so as to securely attach the fiber optic assemblies 40, 
insert 20. The first and second connector receiving ports 29, 30 align the 
52 of the fiber optic assemblies 40, 50 with respective ferrule apertures 28, 
with first ferrule receiving port or aperture 3 7 is a plug insert extension 
or port 28 has associated therewith a front seal seat 32. 
Jeal seat 32 accepts a front seal 39 (see Figure X). A ridge 31 is formed along 
a circiimference of the plug insert 20. Diametrically opposed to each other 
second cantilevered spring latches 24, 26. The first cantilevered spring 
a first nub feature 25 protruding outward. Located on either side of 
feature 25 are tool slide surfaces 35, 36. The second cantilevered spring 
in a similar manner having the nub feature 27 protruding outwards and 
slide surfaces 33, 34. Each of the first and second cantilevered spring 
26 are mounted so as to be depressed inwards towards each other by at least 
equal to the amount of each nub features' 25, 27 outward protruding distance. 
4B is an end view of the plug insert 20 further showing the protrusion 
second nub features 25, 27. Figure 4B further shows features of the first 

receiving ports 29, 30 and the ridge 31. 
4C in a cross-sectional view taken along section line 4C-4C of Figure 
illustrates the internal construction of the plug insert 20 which includes 
extension 23, a retainer 21, and an alignment sleeve 22. In practice, the 
sleeve 22 is pushed into the retainer 21. Thereafter, the assembled retainer 
sleeve 22 are inserted into the plug insert extension 23. Preferably, 
sleeve 22 is a split sleeve made of a metallic material. 
5A is a side view of the housing 70. The housing 70 includes a first key 
iecond key 73 projecting from a from end thereof! Tfcefirstkey 71 hasafiist 
72 and the second key 73 has a second thread form 74 formed thereon- 
\ each thread form 72, 74 includes two threads where each thread has a 
ie to the formation of the keys. The first key 71 has a first locking 



Figure 
first and 



second connector i 



Finrre* 



form 



71 and a 
thread 
Preferably, 
removed portion dm 



-9- 



PAGE 28/82 * RCVD AT 12/10/2004 9:49:30 AM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/3 * DN1S:8729306 * CSID : 828901 5206 * DURATION (mm-ss):2348 



"DEC. 10.2004 10:51AM 



WO OX/27660 



and 



hole 75A, 
'housing 70 
Positioned 
retainer 76. 

Fig 
5B of Figure 
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oa the second key 73 has a second locking hole 75B. Atanendofthe 
,}way ftom the first and second keys 71, 73 is an octagon lock 77. 
between the octagon lock 77 and the first and the second keys 71, 73 is a 



detail 
Figure 
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10 20 is mated. 
Furthermore. 
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axis. 
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is a cross-sectional view of the housing 70 taken along section line 5B- 
5D. Fig 5B further shows the details of the octagon lock 77. Also shown 
are portions of the first and second keys 71, 73. 
5C is an end view of the front or insertion end of the housing 70. The 
of the housing 70 is so named since it is the end into which the plug insert 
Figure 5C shows a stopping surface 78 and a second surface 79A. 
additional features of the first and second keys 71, 73 are disclosed. 
5D is a cross-sectional view of the housing taken along section line 5D- 
5A. Figure 5P discloses additional details of the second key 73 and the 
tee 78. Additional details of the octagon lock 77 are also disclosed. 
79B is shown which is substantially cylindrical about a longitudinal 
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Figure < 
apirture < 



6 is a partial perspective view of the housing 70, plug insert 20, grip 
the fiber optic connectors 40, 50, connected to their respective ferrules 
6 is important so as to show the relative positioning of the second 
or port 28 relative to the second key 73, and the positioning of the 
port 37 and its associated plug insert extension 23 relative to the first key 
Jractice, when two rnisaligned herrr^phroditic ternrmation devices are 
| to he joined, it is noted that the ferrule 42 will not be knocked over or 
since the ferrule 42 is protected by the adjacent second key 73 from one 
and by the first key 71 and the plug insert extension 23 from the other 
Such a terniination device having these design features is known as being 
It is more likely than not likely that the only structural feature of a 
identical hermaphroditic termination device that will touch the ferrule 
plug insert extension and associated split sleeve and ferrule of the 
device, as is intended. The scoop proof feature adds to the durability of 
device 10. 
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7A is a side view of one half 82, 86 of the extension sleeve 80. Each half 
extension sleeve 80 is essentially identical. Each half 82, 86 of the 
ceve 80 has a thread form 81, a first anti-rotation surfcce 83. a second anti- 
rotation surface 87, a first groove 84 and a second groove 85. 

7B is a cross-sectional view of the one-half 82, 86 of the extension sleeve 
section line 7B-7B of Figure 7A. Figure 7B shows the shape of the 
-rotation surface 87. The second anti-rotation surface 87 includes flat 
and curved portions 89. 
Figure 7C is a cross-sectional view of one-half 82, 86 of the extension sleeve 
10 80 taken iong section line 7C-7C of Figure 7A. Figure 7C shows the general shape 
of the first anti-rotation surface 83, which is generally constructed of linear segments. 
Fikre8A is a side view of the grip ring 100. Fig 8 A shows a knurled surface 

101 of the grip ring 100. 

Fi; rare 8B is an end view ofthe grip ring 100. Hgure 8B shows a first grip ring 
15 retainers ry 102 and a second grip ring rerainerway 103, and a first web 104 and a 
second w* 105- 

Figure 8C is a cross-sectional view of the grip ring 100 taken along section line 
if Figure 8B. Figure 8C further shows details of the first and second webs 104, 
second grip ring retainerway 103. A grip ring thread form 106 is shown 
crjxnuiiferen.tial surface, 
gure 9A is an end view of the cover tube 110. Figure 9A illustrates a cover 
112 and cover tube undulations 111 formed on an outer cyhndrical 
< )f the cover tube 110. 

Figure 9B is a cross-sectional view of the cover-tube' 110 taken along section 
25 line 9B-SB of Figure 9A Figure 9B shows further details of the cover tube undulations 
1 1 1 and the cover tube aperture 112. 

1 igure 10A is a side view of the back end plug 150. Figure 10A further shows 
one of ti e gripping lands 154. 

Figure 10B is an end view of the back end plug 150. Figure 10B further shows 
30 a cable jpcrture 15 1, a cable seal seat 152, and a thread form 153. 
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IOC is a cross-sectional view of the back end plug 150 taken along 
1OC-10C of Figure 10B. Figure 10C further shows details of the thread 
4cated on an internal cylindrical surface of the back end plug 150, along with 
cable aperture 151, and the cable seal seat 152. 
10D is end view of another end of the back end plug 150. Figure 10D 
itional details of the cable aperture 151 and the gripping lands 154. 

11A is an end view of the crimp sleeve 170. The crimp sleeve 170 
hexagonal anti-rotational surface 171. 

11B is a cross-sectional view of the crimp sleeve 170 taken along section 
IB of Figure 11A. Figure 11B further shows a detail of the crimp sleeve 

n. 

practice, the back end plug 150 and the cable seal 140 are slid over an end of 
cable 160. The, optical cable 160 has optical fibers 270, 271 exposed Then 
s eeve 170 is placed around a proportion of the optical cable 160 where the 
1, 271 are left unprotected. The crimp sleeve 170 is then mechanically 
compressed so as to drastically deform the metallic material thus securing, 
the crimp sleeve 170 which prevents the optical cable 160 from becoming 
As shown in Figure 3, the free ends of the optical fibers 270, 271 are then 
with the respective ferrules 42, 52, The ferrules 42, 52 are then enclosed in 
connector housings 40, 50. 
i, the cover tube 1 1 0 f the grip ring 1 00, the click ring 1 20, and the housing 
over the end optical cable so as to expose the fiber optic connectors 40, 
one-half 82 of the extension sleeve 80 is positioned near the hexagonal anti- 
feature 171 of die crimp sleeve 170 and the octagon lock 77 on the housing 
first anti-rotational surface 83 of the extension sleeve half 82 is mated with the 
feature 171 of the crimp sleeve 170 (Figure 11B). The second 
87 of the one-half 82 of the extension sleeve 80 is mated with the 
77 of the housing 70 (Figure 5 A). The second half 86 of the extension 
is men similarly joined to the crimp sleeve 170 and the housing 70. The 
1 10 is then slid over the assembly of the first and second halves 82, 86 of the 
sleeve 80 so as to prevent the first and second halves 82, 86 of the extension 
-12- 
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moving away from each other. The anti-rotational features of the 
80, the housing 70, and Hie crimp sleeve 170 prevent any relative 
translation between those components, furthermore, the extension sleeve 
strain relief member so that optic fibers 270, 271 do not carry any 



up 



si jeve 
back 



adpl ag 



ilOA 



3 extci i5i on 



itite 



CCSLEGAL 



NO. 130 P. 32 



PCT/US00/24759 



the cable seal 140 is pushed up against the end of the extension sleeve 80. 
secure the extension sleeve 80 in the cover tube 110, the bottom end plug 
the optical cable 160 so as to be adjacent to the thread form 81 of the 
80. The hack end plug 150 is men rotated SO as to engage thread form 
end plug 150 with the thread form 81 of 1he extension sleeve 80. The 
150 is further rotated until the back end plug 150 is unable to be rotated 
However, before theback end plug 150 is threaded onto the thread 81 of 
sleeve 80 a rear seal 130 is placed between the back end plug 1 50 and the 
10. The gripping land 154 portion of the back end plug 150 shown in 
and 1 0B are used to rotate the back end plug 150 onto the thread form 81 
sleeve 80. The back end plug 1 50 is so torqued to a limit so that it is 
the threads of the extension sleeve 80. The back end plug 1 50 is positively 
I he extension sleeve SO by way of a boot (not shown). Next, the grip seal 90 
groove within the grip ring 100, and the click ring 120 is set in the grip 
assembly of the grip ring 1O0 and the click ring 120 is slid over the cover 
The retainerways 102, 103 of the grip ring 100 pass by the retainer 76 of the 



seal 

ITie 



middle seal 60 is then inrroduced into the seal groove 114 of the housing 
s point, nearly all of the components are assembled. However, the plug 
not yet associated with the other components. Ai such a time, each of the 
connectors 40, 50 axe introduced into their respective connector receiving 
50 of the plug insert 20. The canrilevered spring latches 44, 54 click into 
connector receiver ports 29, 30 of the plug insert 20. Next, the front seal 
into the front seal seat 32 of the second ferrule aperture 28. Then, 
rnsert 20 is introduced into the housing 70. 



positioned 
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The plug insert 20 is preferably introduced into the housing 70 by way of a 
special tool as will be described later. The tool introduces the plug insert 20 into the 
housing 70. The ridge 31 and the nub feature 23 axe positioned so as to be located 
between the largest arc length available between the first key 71 and the second- key 

5 73 of the housing 70. At such a location, the plug insert 20 is easily pushed into the 
slip fit created between the two parts until the ridge 31 of the plug insert 20 contacts 
the stopping surface 78 of the housing 70. At thai time, the plug insert 20 is rotated 
so as to engage the nub feature 25 of the first cantilevered spring lock 24 with the 
second locking hole 75B of the second key 73 and the second nub feature 27 of the 

10 second cantilevered spring lock 26 with the first locking hole 75A of the first key 73 . 
At that location, the nub features 25, 27 spring back to their substantially undeflected 
positions and engage the locking holes 75 and 75B, thus locking the plug insert 20 of 
the housing 70. 

In a preferred embodiment, the arc length of the first key 71 is 60° and the arc 
15 length of the second key 73 is 120°. So as to be hermaphroditic with other like 
devices, the first key 71 is separated from the second key 73 by an arc length of 60° 
on one side and by an arc length of 120° on the other side. 

Therefore, this arrangement of components is critical, since the phig insert 20 
can be removed from the front of the housing 70 by way of a tool as will he described 
20 later. Such disassembling of the terrxunafion device 10 allows far easy repair. At the 
time of repair, the tool removes the plug insert 20 from the housing 70- The fiber 
optic connectors 40, 50 are easily removed from the plug insert 20 by way of 
depressing their associated cantilevered spring latches 44, 54. The plug insert can 
then be discarded and replaced or repaired or the ferrules 42, 52 can be polished so 
25 as to eliminate environmental contaminants and debris. The device is again easily 
assembled by inserting the fiber optic connectors 40, 50 into the plug insert 20 and 
then inserting the plug insert 20 into the housing 70. The fiber optic device 10 is then 
ready to be used. 

As is noticeable in the figures, the plug insert 20 can mate to another plug 
30 insert having similar features and dimensions. The plug insert extension 23 of one 
plug insert 20 is insertable into the second ferrule port or aperture 28 of the other 

-14. 
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plug insert and makes a seal with, a front seal 39. Likewise, the plug insert extension 
of the odier plug insert mates into the second aperture of the first plug insert. At such 
a time, the ferrules butt up against each other and compress the springs 43, 53 of the 
connectors 40, 50 so as to place the ferrules in a state of flotation so as to ensure a 
5 good, tight butt joint. Likewise, the keys of the housings 70 of the termination device 
interact with one another where the first key of one of the housings is situated 
between the first and second keys of the other bousing and the second key of the first 
housing is positioned between the first and second keys of the other housing so as to 
make for a fully hermaphroditic termination device. The grip ring 100 is then slid 

10 forward so as to engage the threads of 72, 74 of the first termination device housing 
70 with the threads 106 of the grip ring 100 of the second terrnination device. The 
grip ring 100 is further engaged downward on the threads of the first housing until 
the click ring 120 positioned in the grip ring 100 translates far enough along the cover 
tube 110 so as engage the undulations 111 causing audible noise which indicates that 

15 the grip ring 100 is fully threaded onto the first housing. Likewise, the grip ring of 
the first terrnination device is slid forward so as to engage the thread forms on the 
second housing 70 and is engaged until audible noises are heard due to the 
undulations of the cover tube coming into contact with the grip ring. At such a 
position, the union is complete between the two termination devices, 

20 Figure 12 is an exploded, perspective view of the plug insert insertion/removal 

tool 180. Figure 12 shows components of the insertion/removal tool 180 including 
the tool body 181, the tool spring 182, the plunger 183, and the pin 189. The plunger 
183 includes a large diameter region 201, a small diameter region 184, a release 
surface 185, an actuation surface 186, a plunger spring seat 202, a lanyard receiving 

25 aperture 188, and a pin receiving aperture 187. The tool body 181 includes a first 
end 191, a second end 203. a pin travel aperture 190, a main aperture 196, a first 
friction grip 192, and a second friction grip 197. The first friction grip 192 includes 
a first long 193, a second tong 194, and a first nub receiving slot 195 located between 
the first and second tongs 193, 194. The second friction grip 197 includes a third 

30 tong 198, a fourth tong 199, and a second nub receiving slot 204 positioned between 
the third and fourth tongs 198, 199. 
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As is evident from Figure 12, one end of the tool spring 182 slides over the 
small diameter region 184 of the plunger 183 so as to contact Hie plunger spring seat 
202 of the plunger 183. Furthermore, the tool spring 1&2 and the small diameter 
region 184 of the plunger 183 are inserted into the main aperture 196 of the tool body 

5 181 . Also, a portion of the large diameter region 201 of the plunger 183 is inserted 
into the main aperture 196 of the tool body 181 . Then the plunger 83 is introduced 
into the mam aperture 196 of the tool body 181 until the pin receiving aperture 187 
of the plunger 183 aligns with the pin travel aperture 190 of the tool body 181. At 
that time, the pin 189 is introduced into the pin travel apermre 190 and the pin 

10 receiving aperture 187. The pin 189 is press fitted into the pin receiving apermre 
187. The pin 189 is the final assembly position when the pin 189 is at least partially 
engaged m the plunger 183 and in the pin travel aperture 190. 

Figure 13 is an assembled, perspective view of the insertion/removal tool 180 
of Figure 12. In practice, the operator applies a force to the actuation surface 186 of 

15 the plunger 183. The actuation force must be large enough so as to overcome the 
spring force of the tool spring 182. At that time, the plunger 183 compresses the tool 
spring 182 so as to allow the small diameter region 184 of the plunger 183 to contact 
the alignment sleeve extension 23. The plunger 183 is able to travel the distance 
equal to the difference in diameters of the pin travel aperture 190 and the outside 

20 diameter of the pin 189. The amount of travel of the plunger 1 83 is at least as great 
as the length of the first and second nub receiving slots 195, 204. The outer surface 
of the tool body 181 has a textured surface pattern so as to enhance gripping of the 
insertion/removal tool 180. Figure 13 further shows the cammed or sliding surfaces 
of the tongs of the first and the second friction grips 192, 197. 

25 Figure 14 is a perspective view of the insertion/removal tool 180 holding a 

plug insert 20- As shown in Figure 14, the nub feature 25 of the plug insert 20 is 
positioned in the nub receiving slot of the first friction grip 192. 

The cammed or sliding surfaces of the tongs of the first and second friction 
grips 192, 197 engage the tool slide surfaces 33, 34, 35, and 36 of the plug insert 20 

30 so as to push the opposing nub features 25, 27 towards each other and ensures that 

-16- 
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the farthermost portions of the nab features 25, 27 do not protrude beyond the main 
body portion of the plug insert 20. 

Figure 15 is an exploded, perspective view of another embodiment of the 
termination device of the invention for attaching to a tactical access unit 260. The 

5 method of assembly is essentially the same as previously described. However, the 
housing 210 is mounted to the tactical access unit 260 and secured thereby by a 
mounting nut 230 which is thread edly engaged onto complementary threads located 
on the housing 210- Also provided is a fiber seal 200 which goes through the housing 
210 and through which optical fibers are passed. The insertion/removal tool 1 80 is also 

10 shown. Once the plug insert 20 and the remaining components of the termination 
device are assembled, a cap seal 280 is introduced into a dust cap 250 which is attached 
to the housing 210 by way of a lanyard 240. The dust cap 250 is designed to mate with 
the keys of the housing 210 and to threadedly engage the threads on the keys of the 
housing 2 1 0 so as to protect the ferrules of the connectors 40, 50 from debris. The cap 

15 seal 28 adds further protection to the ferrules by sealing the apertures in which the 
ferrules reside. The use of the termination device of the invention as a component of 
a tactical access unit 260 is important, since the plug insert 20 and the ferrules of fiber 
optic connectors 40. 50 can be repaired or replaced The insertion/reinovai tool 1 80 can 
remove the plug insert 20 from the housing 210. Then, the plug insert 20 can be 

20 replaced or repaired and the connectors 40, 50 and their associated ferrules can be 
replaced or repaired and then re-assembled. All of this can be done without entering 
the inside of the tactical access unit 260. The tactical access unit 260 can remain in an 
assembled state without the operator gaining access to the critical components 
contained therein. Thus, all of the repair work to the connecting device is performed 

25 without reaching into the enclosure of the tactical access unit 260. 

Figure 16 is a perspective view of the insertion/removal tool 180. the plug 
insert 20, fiber optic connectors 40, 50, and the housing 70 of the ternunation device 
10. In practice, the insertion/removal 180 engages the spring latches 24, 26 of the 
plug insert 20 and then proceeds to insert the plug insert 20 into the housing 70. 



-17- 
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Figure 17 is a perspective view of the assembly shown of Figure 16 with the 
components engaged. In this position, the insertion/removal 180 is being removed 
from the assembled components. 

As discussed earlier, during insertion, the insertion/removal tool 180 is 

5 attached to the plug insert 20 and then the assembly is oriented so as to position the 
ridge 31 of the plug insert 20 and nub feature 25 between the first and second keys 
71, 73. There, the ridge 31 and nub feature 25 are positioned over the stopping 
surface 78 of the housing 70. The insertion/removal tool 180 and the plug insert 20 
are then introduced into the housing 70 until the ridge 31 contacts stopping surface 

10 78 of the housing 70. At that Time, the insertion/removal tool 180 is rotated in the 
only direction possible which is to align the nub feature 75 with the closest locking 
hole 75ft of the housing 70. Once the nub features 25, 27 are aligned with the 
locking holes 75 A, 75B, the actuation surface 186 of the plunger 183 of the 
insertion/removal tool 180 is depressed while the main body 181 is moved towards 

15 the operator. The fl™*" body 181 of the insertion/removal tool 180 is further moved 
relative to the plunger 183 until the friction grips 192, 197 release the tool sliding 
surfaces 33, 34, 35 and 36 of the cantilevered spring latches 24, 26 of the plug insert 
20- Then, the cantilevered spring latches 24, 26 of ihe plug insert 20 are free to 
expand their associated nub features 25 and 27, where the nub features 25, 27 are 

20 introduced into the locking hole 75A and 75B, thus, locking the plug insert 20 into 
the housing 70. The assembly and/or repair of the connectors 40, 50, ferrules 54, 44, 
and the plug insert 20 is then complete. 

Removal of the plug insert 20 is substantially the reverse of the insertion 
procedure. The insertion/removal tool 180 is introduced to the termination device 10 

25 so as to engage the friction grips with the tool sliding surfaces of the plug insert. 
Once the insertion/rtmoval tool 180 is fully engaged with the plug insert 20 the nub 
features 25, 27 are removed from the locking holes 75 A, 75B. At that time, the 
insertion/removal tool 180 can be rotated, thus rotating the plug ins en 20 so as to 
expose the nub features 25, 27 between the keys 71, 73 of the housing. Then, the 

30 insertion/removal tool 180 can be removed while it carries the plug insert. The 

-18^ 
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removal and/or repair of the connectors 40 T 50, ferrules 54, 44 7 and the plug insert 
20 is then complete. 

The preferred materials of construction for the termination device 10 are as 
follows: the grip ring 100 is an aluminum alloy, the housing 70 is an aluminum alloy, the 

5 crimp sleeve 170 is an arcap aplD, the insert coupling 20 is a PEEK polymer, the retainer 
, 21 is a polymer, the alignment sleeve is a copper alloy, the extension sleeve SO is an 
aluminum alloy, the cover tube 1 10 is an altiminum alloy, the rear end plug 150 is an 
aluminum alloy, the seals 39, middle seal 60, the grip seal 90, the rear seal 1 30, and cable 
seal 1 40 are a resilient elastomeric compound, the ferrules 42, 52 are a ceramic material. 

1 0 The lanyard 240 is a metallic wire rope covered with a polymer, the dust cap 250 is a 
polymer, the cap seal 280 is an elastomeric compound. Various other components are 
constructed of suitable engineering materials. The preferred materials of construction for 
the insertion/removal tool 180 are as follows: the tool body 18Q is a passivated 303 
stainless steel, the tool spring 1S2 is a metallic material, the plunger 183 is a metallic 

15 material Thus, the materials of construction provide a termination device which is robust 
and which withstands the rigors of a hostile battlefield env ironm ent. 

Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be practiced otherwise than as 

20 specifically described herein. 
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WE CLAIM: 

1 . A hermaphroditic cable or waveguide termination device for optical fibers, the 
termination device comprising: 

5 a housing having locking holes, the housing having a front end, the front end 

having mating structures which are substantially identical to and roatcable with a mating 
structure of a front end of another housing; and 

a plug insert removably provided in the housing through the front end of the 
housing, the plug insert having optical connector ports, each of the optical connector 

10 ports dimensioned so as to receive a respective optical assembly where each optical 
assembly has a respective optical ferrule which aligns a respective optical fiber, the 
plug insert having a substantially cylindrical surface and a first surface substantially 
perpendicular to the cylindrical surface, the plug insert having nub features provided in 
a region of the cylindrical surface for mating with the locking holes, the first surface 

15 having a first ferrule port and a second ferrule port, the first tank port having a plug 
insert extension projecting from the first surface, the second ferrule port dimensioned 
so as to receive a plug insert extension of another plug insert, the first optical 
connector receiving port communicating with the second ferrule port, the second 
optical connector receiving port communicating with the first ferrule port. 

20 

2. The hermaphroditic termination device according to Claim 1 wherein each 
of the nub features is connected to the plug insert with a respective spring latch. 

3. The hermaphroditic termination device according to Claim 2 wherein each 
2$ spring latch is caotilevered to the plug insert 

4. The hermaphroditic termination device according to Claim 3 wherein the 
second ferrule port has a first seal provided therein. 

30 5. The hermaphroditic tennination device according to Claim 4 wherein the 

cylindrical surface of the plug insert has a ridge feature. 

-510- 
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6. The hermaphroditic termination device according to Claim 5 wherein the 
front end of the housing has a stopping surface, wherein the ridge of the phig insert is 
adjacent the stopping surface when the plug insert is inserted into the housing. 

5 7. The hermaphroditic termination device according to Claim 6 wherein the 

plug insert extension of the plug insert has a retainer provided partially therein. 

8. The hermaphroditic terrnination device according to Claim 7 wherein the 
retainer of the plug insert has an alignment sleeve provided partially therein. 

10 

9. The hermaphroditic termination device according to Claim 8 wherein the 
alignment sleeve in the plug insert is dimensioned so as to accommodate the fiber 
optic ferrule, 

15 10. The herrr^phroditic termination device according to Claim 9 wherein the 

mating structures of the housing have threadforms formed thereon. 

1 1 . The hermaphroditic tenninanon device according to Claim 1 0 wherein the 
mating structures of the housing include a first key and a second key. 

20 

12. The hermaphroditic termination device according to Claim 1 i wherein the 
first key is separated from the second key by an arc length of approximately sixty 
degrees on one side and by an arc length of approximately one-hundred-twenty 
degrees on another side of the first key. 

25 

13. The hermaphroditic termination device according to Claim 12 wherein the 
first key has an arc length of approximately sixty degrees and the second key has an 
arc length of approximately one-hundred-twenty degrees. 

30 14. The hermaphroditic termination device according to Claim 1 3 wherein the 

locking holes of the housing are diametrically opposed to each other. 

-21- 
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15. The hermaphxo&tic termfoation device according to Claim 14 wherein the 
housing has an inner diameter surface. 

1 6. The hermaphroditic termination device according to Claim 1 5 wherein the 
5 inner diameter surface has a second o-ring groove. 

17. The hermaphroditic tennination device according to Claim 16, farther 
comprising a second o-ring provided in the second o-ring groove, the second o-ring 
situated against the cylindrical surface of the plug insert. 

10 

18. The hermaphroditic termination device according to Claim 17, further 
comprising a cover tube surrounding a portion of the housing, the cover tube having a 
first end, the first end having a first undulating surtace. 

15 19. The hermaphroditic tennination device according to Claim 1 8, further 

comprising a grip ring slidably and rotationally surrounding a portion of the cover 
tube, the grip ring having a second end, the second end having a second undulating 
surface, the first undulating surface of the cover tube adjacent to the second undulating 
• surface of the grip ring so as to emminate an audible indication of the grip ring situated 

20 in a closed position. 

20. The hermaphroditic termination device according to Claim 1 wherein each 
optical ferrule has a diameter of substantially 1.25 mm. 

25 21. A tool for insernh^extracting a plug insert into/out of a housing of a 

hennaphroditic cable or waveguide ten r u n nt i on device, the tool cxjinprising: 

a body having a main aperture formed through a length of the body, the main 
aperture having a first spring seat formed therein, the body having a pin travel aperture 
formed through a diameter of the body and substantially perpendicular to the main 

30 aperture, the body having a first end and a second end, the first end having a first 

friction grip and a second friction grip, the first and second friction grips react a force 

-22- 
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supplied by compressed spring latches of the plug insert, the first and second fiiction 
grips engage the spring latches over a first distance; 

a plunger having a large diameter region and a small diameter region and 
having a second spring seat formed on the large diameter region, a portion ofboth the 

5 gyp ail diameter region and the large diameter region slidabty provided in the main 
aperture of the body, the large diameter region having a pin receiving aperture, the 
large diameter region having a free end which acts as an actuation surface, the 
actuation surface of the plunger extending beyond the second end of ihe body, the 
small diameter region having a free end which acts as a release surface, the release 

1 0 surface translating through a second distance when the plunger is fully actuated, the 
second distance being greater than the first distance of the friction grips of the body so 
as to ensure release of the plug insert from the friction grips when the plunger is fully 
actuated; 

a pin pressed into the pin receiving aperture of the plunger, the pin provided in 
15 the pin travel aperture of the body, a clearance exists between the pin and surfaces of 
the pin travel aperture which allow the pin to translate within the pin travel aperture, 
the clearance between the pin and the surface of the pin travel aperture is at least as 
great as the second distance, in an unrel eased state die pin contacts a portion of the 
surface of the pin travel aperture; and 
20 a spring provided in the main aperture of the body, the spring surrounding a 

portion of the small diameter region of the plunger, the spring being in a state of 
compression and reacting forces against the first and second spring seats. 

22. The tool according to Claim 21 wherein the body has a knurled outer 
25 surface. 

23. The tool according to Claim 22 wherein the first friction grip diametrically 
opposes the second fiiction grip. 

30 24. The tool according to Claim 23 wherein the large diameter region of the 

plunger has a lanyard receiving aperture. 

-23- 
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